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Background: Socioeconomic status (SES) is a strong determinant in the development of 
various diseases. We evaluated the relationship between SES and the incidence of chronic 
obstructive pulmonary disease (COPD) by using a community-based cohort data.
Patients and Methods: Four-year follow-up data of 6341 adults (aged ≥ 40 years), who 
underwent serial pulmonary function test were analyzed. Incidence of COPD in the participants 
was defined as the absence of airflow obstruction compatible with COPD (pre-bronchodilator 
forced expiratory volume in 1 second/forced vital capacity ratio of <0.7) at baseline but 
documentation of airflow obstruction in serial testing. SES of patients was divided into quartiles 
according to household income and educational level. Multivariate logistic regression analyses 
were performed to estimate the association between SES and COPD incidence.
Results: A total of 280 (4.4%) patients developed COPD during the follow-up. The 
proportion of subjects with lowest education (elementary school) and lowest household 
income levels (1st quartile) was significantly higher in the COPD group than in the non- 
COPD group (37.9% vs 29.5%, p<0.011 and 48.4% vs 30.8%, p<0.001, respectively). 
Logistic regression analysis revealed that education level of elementary school was indepen-
dently associated with COPD incidence after adjustment for sex, age, body mass index, white 
blood cell count, residence area, and occupation (odds ratio 1.879, 95% confidence interval 
1.124–3.141, p=0.016).
Conclusion: In the general population, educational level of elementary school was an 
independent risk factor for COPD among the components comprising SES. Our results 
indicate that the implementation of preventive strategies for COPD in those with low 
educational status could be beneficial.
Keywords: chronic obstructive pulmonary disease, socioeconomic status, education level, 
incidence, prevalence
Introduction
SES (socioeconomic status) is a comprehensive measure, which reflects the indivi-
dual’s economic and social status within a community and is closely related to 
health.1 Various components such as income, education, occupation, location of 
residence, housing conditions, and participation in social organizations are used to 
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define the SES of a person.1 Accumulating evidence now 
indicates that low SES (LSES) could also be related to the 
respiratory well-being of a person and can contribute to 
the development of various pulmonary diseases and influ-
ence the clinical outcomes of respiratory diseases.2–6 The 
impact of LSES on respiratory health has been attributed 
to poorer housing conditions, diet, hazardous occupational 
exposure, and a higher prevalence of smoking and second- 
hand smoking.3,7–11 Meanwhile, it has been also suggested 
that LSES is associated with the decline of lung function 
in the general population.12
Chronic obstructive pulmonary disease (COPD) is 
a disease defined by the presence of persistent airflow 
limitation, which is strongly associated with 
smoking.13–15 COPD usually affects people over the age 
of 40 years and is one of the leading causes of death 
globally. Given that COPD is characterized by decreased 
lung function and LSES has been shown to negatively 
impact pulmonary function, previous studies have focused 
on elucidating the relationship between LSES and COPD. 
Wijnhoven and Hesselink et al have revealed that LSES is 
an important risk factor for lower health-related quality of 
life in COPD patients.16,17 Moreover, it has been also 
suggested that LSES is closely linked to a higher preva-
lence of COPD.18–22
Nevertheless, as previous studies used a cross-sectional 
design to determine the relationship between LSES and the 
prevalence of COPD,23–26 it is still unclear whether LSES 
is associated with the incidence of COPD. Therefore, the 
purpose of this study was to evaluate the association 
between LSES and the incidence of COPD using long-




We used the data from the Ansung-Ansan cohort study, 
which was initiated in 2001 and supported by the National 
Genome Research Institute of Korea Centers for Disease 
Control and Prevention. This study is a part of the Korean 
Genome and Epidemiology Study (KoGES) that is based on 
a series of large community-based epidemiological surveys 
investigating chronic diseases in South Korea.27 The 
Ansung-Ansan cohort, which has been described in previous 
studies,28,29 enrolled participants aged 40–69 years from 
both the urban (Ansan) and rural (Ansung) areas of South 
Korea for prospective investigation and collection of clinical 
information. During the baseline health examination from 
June 18, 2001, to January 29, 2003, 5012 participants from 
Ansan and 5018 from Ansung visited the Korea University 
Ansan Hospital and the Ajou University Medical Center, 
respectively. Only data of those participants who underwent 
pulmonary function test at baseline and had undergone fol-
low-up testing at the second and fourth year were analyzed. 
The flowchart for patient inclusion and exclusion is pre-
sented as Figure 1.
Patient Data, Classification of 
Socioeconomic Status, and Definition of 
Airflow Obstruction for COPD
The collected patient data included age, sex, residence 
area, body mass index (BMI), presence of comorbid con-
dition of hypertension and diabetes mellitus. Laboratory 
data of white blood cell (WBC) count and C-reactive 
protein, as well as smoking status and the amount of 
smoking (assessed as pack-year) was also estimated.
The SES of a participant was defined according to the 
household income and educational level. The household 
income of every participant was classified into quartiles 
based on the average monthly incomes, and the education 
level was also categorized into four groups by the final 
education level: 1st, elementary school; 2nd, middle 
school; 3rd, high school; and 4th, college which included 
university.
Pulmonary function test was performed by a skilled 
technician using a standard spirometer (Vmax-2130, 
Sensor Medics, Yorba Linda, CA, USA). Calibration and 
quality control of spirometry examinations were per-
formed regularly based on American Thoracic Society 
guidelines.30 The diagnostic cut-off for airflow obstruction 
compatible with COPD was a pre-bronchodilator forced 
expiratory volume in 1 second (FEV1) to forced vital 
capacity (FVC) ratio of less than 0.7.
Statistical Analysis
We used R 3.3.6 (R Foundation for statistical computing) 
to perform all statistical analyses. All values were 
expressed as mean ± standard deviation (SD). 
Continuous and categorical variables were compared 
using Student’s t-test and the chi-square test, respectively. 
Univariate and multivariate logistic regression analyses 
were performed to estimate the odds ratio (OR) with 
a 95% confidence interval (CI) for the incidence of 
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COPD. P < 0.05 was considered to be statistically signifi-
cant in all analyses.
Ethical Approval
The Korean Centers for Disease Control and Prevention 
obtained written informed consent from all participants, 
and the Institutional Review Board of Korea University 
Ansan Hospital approved the protocol (IRB Number 
2019AS0102) of this study.
Results
The Incidence of COPD and Baseline 
Characteristics of the Subjects
The prevalence of COPD was found to be 5.8% at baseline 
(392/6757), and during the follow-up of 4 years, 280 
subjects (4.4%) were newly diagnosed as having COPD. 
The baseline characteristics of 6341 participants are shown 
in Table 1. Subjects who developed COPD were older and 
a higher proportion of them were men than women com-
pared to those in the non-COPD group (mean age 57.0 vs 
51.0 and proportion of men 81.1% vs 44.7%, all p<0.001). 
Those in the COPD group had significantly lower BMI 
and mean predicted values of FEV1, FVC, and FEV1/FVC 
than those in the non-COPD group (all p<0.001). 
Additionally, the proportion of ex-smokers and current 
smokers and the amount of smoking (pack-year) were 
significantly higher in the COPD group than in the non- 
COPD group (all p<0.001). Compared to that in the non- 
COPD group, the WBC count was also significantly higher 
in the COPD group (p=0.005).
Socioeconomic Status in the COPD and 
Non-COPD Group
The details of SES in the COPD and non-COPD groups 
are also presented in Table 1. A significant difference was 
found in household income and education level between 
the COPD and non-COPD groups (p<0.001 and p=0.011). 
The proportion of participants in the 1st quartile of income 
was higher in the COPD group than that in the non-COPD 
group (48.4% vs 30.8%, p<0.001). Regarding education 
level, the proportion of participants with elementary 
school education was higher in the COPD group than 
that in the non-COPD group (37.9% vs 29.5%, p<0.001).
Figure 1 Study population and design. 
Notes: †Airflow obstruction: forced expiratory volume in 1 second/forced vital capacity ratio < 0.7. 
Abbreviation: COPD, chronic obstructive pulmonary disease.
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The Influence of SES on the Incidence of 
COPD
Univariate analysis revealed that age, sex, BMI, smoking 
(pack-year), WBC count, and lower income and education 
status, occupation of farmer, and the residence of rural area 
were associated with the incidence of COPD (Table 2). 
However, in a multivariate analysis, it was shown that the 
development of COPD was independently associated with 
elementary school education (odds ratio [OR] = 1.879, 95% 
confidence interval [CI] 1.124–3.141, p=0.016) (Table 3).
Discussion
In this study, we found that individuals who developed 
COPD had lower household income and low educational 
level at baseline compared to those without COPD. 
Interestingly, even after adjusting for conventional risk 
factors of COPD including age, male sex, smoking, occu-
pation, and residence area31 it was identified that lower 
educational level (elementary school) was an independent 
risk factor for the incidence of COPD. To the best of our 
knowledge, this is the first study to evaluate the temporal 
relationship between LSES and the development of 
COPD. Furthermore, the data were derived from a large, 
prospective community-based general population, and the 
identification of COPD was objectively assessed using 
results of repeated pulmonary function tests.
Although there are data suggesting LSES is associated 
with the deterioration of pulmonary function, inconsistent 
results that linked LSES to COPD were found which is the 
most relevant components of LSES that is linked to 
Table 1 Comparison of Characteristics Between the COPD and Non-COPD Groups
COPD (n=280) Non-COPD (n=6061) Total (n=6341) p-value
Age, years 57.0 ± 8.7 51.0 ± 8.4 51.3 ± 8.5 < 0.001
Male sex, N (%) 227 (81.1) 2710 (44.7) 2937 (46.3) < 0.001
Residence area < 0.001
Rural 2929 (48.3) 185 (66.1) 3131 (49.1)
Urban 3132 (51.6) 95 (33.9) 3227 (50.9)
Body mass index, kg/m2 23.6 ± 2.7 24.7 ± 3.0 24.7 ± 3.0 < 0.001
FEV1, % predicted 105.1 ± 16.7 114.5 ± 16.1 114.1±16.3 < 0.001
FVC, % predicted 104.1 ± 15.8 105.2 ± 14.2 105.1±14.3 < 0.001
FEV1/FVC 73.9 ± 4.2 81.8 ± 5.3 81.5 ± 5.5 < 0.001
Hypertension, N (%) 89 (31.8) 1771 (29.2) 1860 (29.3) 0.393
Diabetes mellitus, N (%) 26 (9.3) 587 (9.7) 613 (9.7) 0.906
White blood cell count, 103/uL 6.9 ± 1.8 6.5 ± 1.8 6.5 ± 1.8 0.005
C-reactive protein, mg/dL 0.2 ± 0.3 0.2 ± 0.5 0.2 ± 0.5 0.878
Smoking status, N (%) < 0.001
Never smoker 63 (23.6) 3777 (63.0) 3840 (61.2)
Ex-smoker 74 (26.5) 938 (15.6) 1012 (16.1)
Current smoker 142 (50.9) 1285 (21.4) 1423 (22.7)
Smoking, pack-year 20.2 ± 19.4 7.4 ± 13.7 8.0 ± 14.3 < 0.001
Household income quartile, N (%) < 0.001
1st 134 (48.4) 1836 (30.8) 1979 (31.6)
2nd 75 (27.1) 1804 (30.3) 1879 (30.1)
3rd 55 (19.9) 1821 (30.6) 1876 (30.1)
4th 13 (4.7) 497 (8.3) 510 (8.2)
Education level, N (%) 0.011
Elementary school 106 (37.9) 1775 (29.5) 1881 (29.8)
Middle school 66 (23.6) 1375 (22.8) 1441(22.8)
High school 73 (26.1) 1965 (32.6) 2038 (32.3)
College 35 (12.4) 912 (15.1) 947 (15.0)
Note: Data are presented as mean ± standard deviation or N (%). 
Abbreviations: COPD, chronic obstructive pulmonary disorder; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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COPD.32–34 Chen et al reported that lower income was 
related to the prevalence of COPD,35 whereas Steenland 
et al reported education level, but not income, was asso-
ciated with COPD.33 A possible explanation for the dis-
cordant results is that the definition of SES is largely 
variable, which could be affected by multiple confounding 
factors such as smoking status, occupation, prenatal expo-
sure, air pollution, housing conditions, environmental 
exposure, and the wealth of the social community.7,9
A previous study showed that LSES based on educa-
tion and household income is associated with asthma and 
COPD prevalence in the adult population.26 Similarly, we 
also found that subjects who developed COPD had lower 
household income and educational level at the time of 
study inclusion. Even though the direct relationship 
between LSES and COPD is unclear, it could be possibly 
related to the fact that LSES is generally related to poor 
healthcare access, which could lead to advanced lung 
disease.36 However, the advantage of this study compared 
to the publication by Kanervisto et al is that smoking was 
more precisely categorized including amount of smoking 
(pack-years) and the diagnosis of COPD was established 
objectively based on the results of pulmonary function 
test. Finally, in the present study, we found that the devel-
opment of COPD was independently related to lower 
education level.
SES is a multidimensional concept consisting of edu-
cational level, income, and occupational status.37 Findings 
of the present study demonstrated that self-reported occu-
pation of farmer was more common in participants with 
COPD (Table 4). This is consistent with the result of 
a previous study, which showed that farmers have 
a higher prevalence of COPD, and supports the hypothesis 
that there is a relationship between occupational exposure 
in agriculture and the development of COPD.37 However, 







Age 1.081 1.066–1.096 <0.001
Male sex 5.296 3.911–7.172 <0.001
Body mass index 0.872 0.830–0.917 <0.001
Hypertension 1.129 0.872–1.460 0.357
Diabetes mellitus 0.825 0.632–1.442 0.955
Smoking, pack-year 1.039 1.033–1.045 <0.001




Lower education status 1.455 1.137–1.860 0.003
Occupation, farmer 2.444 1.916–3.119 <0.001
Residence of rural area 2.082 1.618–2.680 <0.001
Abbreviation: COPD, chronic obstructive pulmonary disorder.








1st quartile 1.044 0.507–2.150 0.908
2nd quartile 0.901 0.457–1.776 0.763
3rd quartile 0.988 0.512–1.907 0.971
4th quartile Reference
Education level
Elementary school 1.879 1.124–3.141 0.016
Middle school 1.143 0.702–1.862 0.591
High school 1.469 0.883–2.442 0.138
College Reference
Note: The data are adjusted by age, sex, body mass index, smoking (pack-year), 
white blood cell count, occupation, and residence. 
Abbreviation: COPD, chronic obstructive pulmonary disorder.








Occupation, N (%) <0.001
Housewife 26 (9.3) 1791 (29.6) 1817 (28.7)
Office job 12 (4.3) 288 (4.8) 300 (4.73)
Farm workers 125 (44.6) 1520 (25.1) 1645 (26.0)
Self-employed 34 (12.1) 922 (15.2) 956 (15.1)
Salesman 0 (0) 88 (1.5) 88 (1.39)
Production worker 14 (5.0) 358 (5.9) 372 (5.9)
Professions 14 (5.0) 257 (4.2) 271 (4.3)
Others 52 (18.6) 814 (13.4) 866 (13.7)
House, N (%) 0.313
None 1 (0.4) 53 (0.9) 54 (0.8)
Private 246 (86.8) 5061 (83.5) 5304 (83.6)
Charter monthly rent 30 (10.7) 817 (13.5) 854 (13.4)
Others 6 (2.1) 100 (1.6) 106 (1.7)
Insurance, N (%) 0.160
None 1 (0.4) 39 (0.6) 40 (0.6)
National insurance 248 (88.6) 5571 (91.9) 5819 (91.8)




1st 77 (27.5) 1581 (26.1) 1658 (26.1)
2nd 124 (44.3) 2743 (45.3) 2867 (45.2)
3rd 44 (15.7) 1088 (18.0) 1132 (17.9)
4th 33 (11.8) 610 (10.1) 643 (10.1)
Abbreviations: SES, socioeconomic status; COPD, chronic obstructive pulmonary 
disorder.
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in a logistic regression analysis, it was found that LSES, 
not farming, was a predictor of COPD. Although it is 
known that higher occupational exposure to air pollution 
may be considered a potential confounding factor linking 
LSES to COPD, the American Thoracic Society and the 
European Respiratory Society guidelines emphasize that 
current SES is a risk factor for COPD, along with other 
known factors such as smoking, environmental pollution, 
and occupational exposure to dust or gas.38 However, 
considering that we were not able to include the potential 
confounding effects of these factors on COPD, it should be 
further verified whether LSES is associated with the inci-
dence of COPD.
We found that the incidence of COPD was associated 
with lower educational level but not with lower house-
hold income. Although the exact reason for this discre-
pancy is unclear, the non-significant association between 
household income and SES could be partly attributed to 
the fact that the definition of household income was 
relatively determined. Meanwhile, two hypotheses can 
be made regarding the role of lower education level in 
the incidence of COPD. First, smoking is a major risk 
factor for the development of COPD and was found to be 
more frequent among subjects with LSES.39 However, 
because lower education level was independently asso-
ciated with COPD, it is possible that distinct mechan-
isms could link lower education level to the incidence of 
COPD. Second, the lower educational level may be 
related to the occurrence of COPD as a consequence of 
the difference in occupational and residential types.40,41
Based on the findings from this study, it could be 
suggested that implementation of measures to raise aware-
ness of COPD especially in those with low educational 
status can be helpful to prevent the development of 
COPD. First, as smoking and second-hand smoking are 
important contributors in the development of COPD, it is 
necessary to provide educational strategies to avoid smok-
ing to prevent the gradual decrease of pulmonary function. 
Of note, a previous mendelian randomization study 
revealed that higher education leads to a reduced likeli-
hood of smoking and greater likelihood of smoking cessa-
tion among smokers.42 In addition, on evaluating the 
impact of the area of residence (rural or urban) on 
COPD with SES, we found a higher incidence of COPD 
(Table 1) and number of participants with lower SES in 
rural areas than in urban areas (Table S1). Given that 
subjects in the COPD group more often resided in the 
rural area and practiced farming, it may be emphasized 
that the decrease in exposure to occupational and living 
dusts could help avoid the deterioration in pulmonary 
function.
There are several limitations present in this study. 
First, we could not evaluate the effect of other potential 
confounders of COPD, such as air pollution and comor-
bidities; only hypertension and diabetes mellitus were 
included. Second, the criteria for diagnosis and manage-
ment of COPD have changed over the last decades. 
Application of the diagnostic cut-off for airflow obstruc-
tion compatible with COPD as pre-bronchodilator FEV1/ 
FVC < 0.7 could have influenced the interpretation of 
study results.42 Third, even though it was found that low 
educational status was associated with the incidence of 
COPD, the direct causal relationship could not be eluci-
dated in this study. Additional studies involving a larger 
number of participants are required to validate and better 
understand the relationship between LSES and the inci-
dence of COPD in the general population.
Conclusions
Lower household income and education status were more 
frequently found in subjects developing COPD among the 
general population. Among the components of SES, lower 
educational level was independently associated with the 
incidence of COPD. The findings of our study suggest that 
SES, especially low educational level, should be consid-
ered as a risk factor for COPD in the general population 
and implementation of preventive strategies for COPD in 
those with low educational status could be beneficial.
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